In previous papers [1] [2] [3] we reported the isolation and structural elucidation of eight new polyacetylenes (PQ-1-PQ-8) and six previously-identified polyacetylenes 4) (panaxytriol, panaxydol, acetylpanaxydol, panaxydiol, falcalinol, ginsenoyne G) from Panax quinquefolium. In addition, we reported the absolute configurations of PQ-3 (3), PQ-8 (4), panaxytriol (5), panaxydol (6), acetylpanaxydol (7) and panaxydiol (8), synthesizing them from D-(Ϫ)-or L-(ϩ)-diethyl tartrate (Chart 1). 5, 6) In this paper, we describe the isolation and structural determination of a new polyacetylene (1), and the growth inhibitory effects of Panax polyacetylenes (1-8) and their optical isomers against mouse leukemia cells (L-1210).
1 H-and 13 C-NMR spectra were very similar to those of PQ-1 (2) except for the presence of a carbonyl group instead of a hydroxyl group in 2. The HMBC spectrum of 1 exhibited the cross peaks due to the long-range correlations between the carbonyl carbon signal and the H-1 as well as H-2 signals, suggesting the carbonyl group should be located at C-3. Thus the structure of 1 was elucidated to be 9-hydroxy-10-methoxy-3-oxo-heptadeca-4,6-diyne. The absolute structures of 1 and 2 were determined by the syntheses of both enantiomers starting from (2R,3R)-and (2S,3S)-epoxy alcohols (9a, b) prepared from D-(Ϫ)-and L-(ϩ)-diethyl tartrate as described previously. 7) Methylation of 9a and 9b with CH 3 I-NaH gave 3-O-methyl ethers (10a, b), respectively, which were reacted with diacetylene in the presence of n-BuLi to provide 7-methoxy diacetylene alcohols (11a, b). Reaction of 11a and 11b with acrolein in the presence of nBuLi yielded a diastereomeric mixture at C-3 of (9R,10R)-PQ-1 (2a) and its (9S,10S)-isomer (2b), respectively. Separation of 2a and 2b was achieved using CHIRAZYME catalyzed acetylation and hydrolysis procedures. 8) Treatment of 2a and 2b with vinyl acetate in the presence of CHI-RAZYME L-2, C3 gave mixtures of acetates (2aЈ-Ac, 2bЈ-Ac) and unreacted alcohols (2aЉ, 2bЉ), respectively, which were separated by HPLC. The acetates (2aЈ-Ac, 2bЈ-Ac) were hydrolyzed with CHIRAZYME L-2, C2 in phosphate buffer (pH 7.4) to provide alcohols 2aЈ and 2bЈ, respectively. 9) Oxidation of the 2a and 2b diastereomeric mixture with manganese dioxide gave (9R,10R)-3-oxo-PQ-1 (1a) and its (9S,10S)-isomer (1b), respectively (Chart 2).
10)
The stereochemistries at C-3 of 2aЈ, 2aЉ, 2bЈ and 2bЉ were determined using the modified Mosher method. 11) Treating alcohols 2aЈ, 2aЉ, 2bЈ and 2bЉ with (R)-and (S)-a-methoxya-(trifluoromethyl)phenylacetyl (MTPA) provided 3,9-di-O-MTPA esters. As shown in Table 1 compared to those of 2aЈ-(S)-and 2bЈ-(S)-MTPA esters. In contrast, the signals due to H 2 -1 and H-2 of 2aЉ-(R)-and 2bЉ-(R)-MTPA esters appeared downfield compared to those of 2aЉ-(S)-and 2bЉ-(S)-MTPA esters, respectively. This suggests that the stereochemistries of 2aЈ and 2bЈ at C-3 are in the R-configuration, and those of 2aЉ and 2bЉ are in the Sconfiguration. The optical rotation values and 1 H-NMR chemical shifts of 3-oxo-PQ-1 (1) and PQ-1 (2) showed good accordance with 1a and 2aЈ, respectively (Table 1) . Thus, the absolute configurations of 1 and 2 were confirmed to be (9R,10R) and (3R,9R,10R).
Next, we examined the growth inhibitory effects of the polyacetylenes 1-8 and their optical isomers against L1210. As shown in Fig 1, the (3S) -isomers of PQ-1 (2, 3R,9R,10R), panaxytriol (5, 3R,9R,10R), panaxydol (6, 3R,9R,10S), acetylpanaxydol (7, 3R,9R,10S) and panaxydiol (8, 3R,10S) were found to be approximately ten times (IC 50 ϭ0.01-0.1 mg/ml) more potent than the natural polyacetylenes (IC 50 ϭ0.1-1.0 mg/ml) with (3R)-configuration. The epoxide ring at C-9 and C-10 are believed to have some effect on the activity of the compound, but no difference in activity between (9R,10R)-and (9S,10S)-isomers was observed. The corresponding 3-oxo-acetylenes (1, 3 and their stereoisomers) showed almost the same activities as the (3R)-isomers of PQ-1 (2), panaxytriol (5), panaxydol (6), acetylpanaxydol (7) and panaxydiol (8) (IC 50 ϭ0.1-1.0 mg/ml). The C 14 -polyacetylene, PQ-8 (4) and its isomer were found to have weaker activities (IC 50 ϭ1.0-10.0 mg/ml) than the C 17 -polyacetylenes.
Experimental
The 1 H-and 3-methoxydecane (10a, b) To a stirred suspension of NaH (434 mg, 60% in oil) in THF (15 ml), 9a (622 mg) in THF (5 ml) and CH 3 I (3.1 g) were added successively at room temperature. After 1 h, 30 ml of water was added to the reaction mixture and then extracted with AcOEt (50 mlϫ2). The organic layer was washed with brine (50 mlϫ2), dried over MgSO 4 and concentrated under reduced pressure to leave an oil which was then chromatographed on a silica gel column (hexane : AcOEtϭ10 : 1) to provide 10a (489 mg, 72.7%) as an oil. Methylation of 9b was carried out in a similar manner as described above, to provide 10b as an oil. 10a, b: ,7R)-7-Methoxy-1,3-tetradecadiyn-6-ol (11a, b) n-BuLi in hexane (1.1 ml, 1.53 mmol/ml) and HMPA (0.9 ml) were added dropwise to a stirred solution of diacetylene in THF (1.1 ml, 6.58 mmol/ml) at Ϫ60°C. After 30 min, 10a (489 mg) in THF was added and stirring was continued for 3 h at the same temperature. The reaction mixture was quenched with saturated NH 4 Cl solution (5.0 ml) and then extracted with AcOEt (50 mlϫ2). The organic layer was washed with brine (50 mlϫ2), dried over MgSO 4 and concentrated under reduced pressure to leave an oil which was then chromatographed on a silica gel column (hexane : AcOEtϭ7 : 1) to provide 11a (467 mg, 75.3%) as an oil. The reaction of 10b and diacetylene was carried out in a similar manner as described above, to provide 11b as an oil. 11a, b: (2a, b) at C-3 of PQ-1 n-BuLi in hexane (321 ml, 1.60 mmol/ml) was added dropwise to a stirred solution of 10a (48.8 mg) in THF (1 ml) at Ϫ78°C. After 30 min, acrolein (67 ml) was added and stirring was continued for 3 h at the same temperature. The reaction mixture was quenched with saturated NH 4 Cl solution (2.0 ml) and then extracted with AcOEt (30 mlϫ2). The organic layer was washed with brine (30 mlϫ2), dried over MgSO 4 and concentrated under reduced pressure to provide an oil which was then chromatographed on a silica gel column (hexane : AcOEtϭ7 : 1) to provide 2a (48.6 mg, 80.8%) as an oil. The reaction of 10b and acrolein was carried out in a similar manner as described above, to provide 2b as an oil. 2 MnO 2 (100 mg) was added to a stirred solution of 2a (18.8 mg) in CHCl 3 (2.0 ml) and stirred for 3 h at room temperature. The reaction mixture was filtered and evaporated in vacuo. The residue was chromatographed on a silica gel column (hexane : AcOEtϭ5 : 1) to provide an oil, then the product was purified by HPLC (hexane : AcOEtϭ7 : 1) to give 1a (13.6 mg, retention timeϭ17.2 min) as an oil. Oxidation of 2b was carried out in a similar manner as described above, to pro- vide 1b as an oil. 1a, b: See the data for 1.
Oxidation of 2a, b with MnO

12)
Acetylation of a C-3 Diastereomeric Mixture (2a, b) of PQ-1 with Lipase (CHIRAZYME L-2, C3) Lipase (CHIRAZYME L-2, C3, 250.0 mg) and vinyl acetate (40 ml) were added to a stirred solution of 2a (37.5 mg, 0.35 mmol) in t-butyl methyl ether (10.0 ml) and the mixture was stirred overnight at room temperature. The reaction mixture was filtered with celite, concentrated in vacuo, then the residue was purified by HPLC (hexane : AcOEtϭ4 : 1) to provide 2aЈ-Ac (35.2 mg, retention timeϭ8.0 min) and 2aЉ (28 mg, retention timeϭ14.0 min) as oils. Acetylation of 1b was carried out in a similar manner as described above, to provide 2bЈ-Ac and 2bЉ as oils. 2aЈ-Ac, 2bЈ-Ac: 1H, m) .
Hydrolysis of 2a-Ac, 2b-Ac with Lipase (CHIRAZYME L-2, C2) Compound 2aЈ-Ac (64.3 mg) was dissolved in 0.5 ml of acetone and 4.5 ml of pH 7.4 phosphate buffer, then lipase (CHIRAZYME L-2, C2, 180 mg) was added. The reaction mixture was stirred overnight at room temperature, then filtered with celite and extracted with AcOEt (30 ml). The organic layer was washed with brine (30 mlϫ2), dried over MgSO 4 and evaporated in vacuo to provide an oil. The residue was purified by HPLC (hexane : AcOEtϭ4 : 1) to give 2aЈ (48 mg, retention timeϭ14.0 min) as an oil. Hydrolysis of 2bЈ-Ac was carried out in a similar manner as described above, to provide 2bЈ as an oil.
MTPA Ester of PQ-1 and Its Isomers Five drops (large excess) of (S)-(ϩ)-or (R)-(Ϫ)-MTPA-Cl was added to a stirred solution of PQ-1 or its isomers (5.0 mg, 0.05 mmol) in pyridine (1.0 ml) and stirred overnight at room temperature. The mixture was diluted with AcOEt (30 ml), washed successively with 10% HCl (20 ml) and saturated NaHCO 3 solution, dried over MgSO 4 , and evaporated in vacuo. The residue was purified by HPLC to give (R)-(ϩ)-or (S)-(Ϫ)-MTPA esters of PQ-1 or its isomers.
Growth Inhibition Activity The effects of Panax polyacetylenes (1-8) and their optical isomers on the growth of leukemia cells (L 1210) were investigated as follows. Cells were suspended in RPMI medium 1640 (GIBCO) containing 100 units/ml of penicillin G sodium, 100 mg/ml of streptomycin sulfate and 10% fetal bovine serum supplemented with L-glutamine. Cells were plated in a 96 well microplate (100 ml/well) at a density of 3ϫ10 3 cells/well. After incubating the plate for 24 h at 37°C in a 5% CO 2 humidified atmosphere, the test compounds (1-8 and their isomers) in MeOH (2 ml/well) at various concentrations were added and the plate was incubated further for 48 h under the same conditions. Control wells (nϭ5) containing the same volume of MeOH (2 ml/well) were incubated in each assay. Ten microliters of Cell Counting Kit-8 (Dojindo) 13, 14) was added to each well, then the microplate was incubated for 3 h in a 5% CO 2 atmosphere at 37°C. The absorbance (A) of each well was measured at 450 nm using a Microplate reader (MTP-450, Corona Electric). The percent inhibition was calculated by comparing A control and A treated . percent inhibition (%)ϭ100ϪA treated /A control ϫ100
